.-Pasteurella pestis contains at least 18 different antigens, 2 of which will protect experimental animals from challenge infection. A specific polysaccharide isolated and described as a hapten was isolated as a complete antigen. Two additional antigens were isolated from P. pestis. The preparation of antisera directed against these three antigens and the content of protein, lipid, and carbohydrate of each preparation were studied. None of the preparations will protect mice from challenge infection with virulent P. pestis. A basis for naming the new antigens which does not conflict with previously published designations is presented.
Studies published by Lawton, Fukui, and Surgalla (1960) showed that Pasteurella pestis contains at least 18 different antigens. Two of these antigens, F1 (Baker et al., 1952) and V (Burrows and Bacon, 1956 ) are immunogenic. Burrows (1963) reviewed the world literature as it pertains to knowledge of the antigenic properties of P. pestis. Davies (1956 ) described a specific polysaccharide of P. pestis which was a nonantigenic lipopolysaccharide material differing from the gram-negative endotoxins by virtue of its nontoxicity. He prepared specific antiserum by conjugating the hapten with the protein component of the 0 somatic antigenic complex of Shigella dysenteriae.
The work reported here concerns the isolation and purification of a protein-lipopolysaccharide complex from P. pestis which is antigenic and is serologically related to the specific polysaccharide of Davies; the isolation and partial purification of two additional antigens are also reported. The designation of the two new antigens, R and S, will be discussed.
MATERIALS AND METHODS
Ouchterlony double-diffusion test. The gel diffusion test was performed according to the method of Lawton, Fukui, and Surgalla (1960) . Reactions were read at 16, 24, 72, and 144 hr. The gel diffusion test as read at 24 hr will be referred to as the standard test.
Dialysis and centrifugation. All antigen samples were dialyzed 16 to 18 hr against 14 liters of 0.01 M potassium phosphate buffer (pH 7.2) at 7 C or until the dialysate was free of salt. Precipitates were collected in a Lourdes centrifuge at a relative centrifugal force of 18,000 to 25,000 X g for 10 to 15 min. Protein measurements were based on the biuret reaction.
Hanging curtain electrophoresis. A Beckman model CP instrument was equilibrated with 0.01 M sodium acetate buffer (pH 4.7). The main reservoir buffer feed to the curtain was adjusted to a value of 15 ml/12 hr. A sample containing 15 mg of protein per ml was applied to the center tab of the curtain at a rate of 0.25 ml/hr. A current of 500 v and 13 to 16 ma resulted in optimal separation. Use of a Beckman model CPF-2 fraction collector allowed continuous runs of 2 to 3 days. Fraction collector tubes were numbered from 1 (cathode side) to 32 (anode side).
Antisera for standard test. Polyvalent antiplague rabbit serum prepared by E. R. Squibb and Sons, New York, N.Y. (lot #9170-1) was used in the standard test to assay for the presence of P. pestis antigens and served as a basis for assaying an antigen during fractionation procedures. The use of monovalent serum replaced the polyvalent as the former became available.
Preparation of acetone powder. Acetone-killed and dried cells (AKD) of P. pestis strain EV 76 were prepared according to the method of Baker et al. (1952) , except that Casman medium (Difco) was substituted for beef heart infusion agar. Cultures were incubated for 24 hr at 25 and 37 C and were harvested in 0.85% sodium chloride solution.
ANTIGENS OF P. PESTIS
Acetone powder extract. In a typical experiment, 150 g of AKD cells were extracted in 1,500 ml of 0.05 M tris(hydroxymethyl)aminomethane chloride buffer (pH 7.8). After standing overnight, the supernatant fluid was collected by centrifugation. The residue was suspended in 800 ml of 0.05 M potassium phosphate buffer (pH 6.8) and subjected to sonic oscillation with a Branson 20-kc model LS 75 sonifier (Heat Systems, Great Neck, N.Y.) for 5 min at 10 amp. The suspension was centrifuged after standing overnight. The combined extracts totaled 2,000 ml and contained 43 g of protein.
Further treatment of the residue will be described in a later paragraph. The combined extracts were subjected to ammonium sulfate precipitation while the pH was maintained between a value of 7 and 8 by the addition of ammonium hydroxide. Proteins that precipitated between 47 and 55% and between 70 and 100% of saturation were dissolved in a small volume of 0.01 M potassium phosphate buffer (pH 7.2) and were dialyzed. Each of these two ammonium sulfate fractions and a thiocyanate extract of the original residue yielded a partially purified antigen preparation when treated as described.
Preparation of antisera. An adjuvant solution of 4% sodium alginate-0.67% calcium gluconate (Colab Laboratories, Inc., Chicago Heights, Ill.) was used to dilute an equal volume of a solution of 0.50 mg of antigen before each injection. White rabbits were immunized with two injections 14 days apart. Antisera were collected by cardiac puncture 14 days after the second immunization.
Chemical analysis. The carbohydrate content was estimated both by the Molisch reaction and by the tryptophan test (Kabat and Mayer, 1961) . Lipid ester was determined by the method of Snyder and Stephens (1959) . Density-gradient centrifugation was by the procedure of Martin and Ames (1961) .
Protection tests. Bagg strain white mice were injected intramuscularly with two equal graded doses of antigen in adjuvant 1 week apart. At 3 weeks after the second immunization, experimental mice and control mice were challenged by the intraperitoneal route Davies (1956) . When both antigens were placed in adjacent wells, the precipitin lines joined to form a line of identity. When the antilipopolysaccharide-protein complex serum was tested LARIRABEE, MARSHALL, AND CROZIER (1956) , using a hot phenol extraction method, isolated the specific polysaccharide of P. pestis. In a later work, Davies (1958) , using the same technique, showed that the common antigen of P. pseudotuberculosis was antigenically related to the specific polysaccharide of P. pestis. In both instances, the isolated compounds were nonantigenic lipopolysaccharide haptens which could be rendered antigenic by conjugation with S. dysentriae lipoprotein complex. Because of the low solubility and the nonantigenicity of the hapten, he discussed the advantage of isolating it with some protein attached. The lipopolysaccharide protein reported here fulfills this requirement. Identity reactions have been obtained between the hapten and the complex when tested against antiserum prepared against isolated lipopolysaccharide complex and antiserum prepared against the conjugated hapten.
The weak and delayed reaction occurring when tests were carried out against P. pestis whole-cell antigens grown at 37 C was interpreted as being masked by the presence of large quantities of F, V, and W antigens, which are produced at this temperature and not at 28 C.
The occurrence of a reaction between untypable, rough P. pseudotuberculosis whole-cell antigens and lipopolysaccharide-protein complex antisera confirm the close antigenic relationship between these systems. Failure of typable smooth
